Studies conducted in divers indicate that endothelium function is impaired following a dive even without decompression sickness (DCS). Our previous experiment conducted on rat isolated vessels showed no differences in endothelium-dependent vasodilation after a simulated dive even in the presence of DCS, while contractile response to phenylephrine was progressively impaired with increased decompression stress. This study aimed to further investigate the effect of DCS on vascular smooth muscle. Thirty-two male Sprague-Dawley rats were submitted to the same hyperbaric protocol and classified according to the severity of DCS: no-DCS (without clinical symptoms), mild-DCS, or severe-DCS (dead within 1 h). A control group remained at atmospheric pressure. Isometric tension was measured in rings of abdominal aorta and mesenteric arteries. Single dose contraction was assessed with KCl solution. Dose-response curves were obtained with phenylephrine and endothelin-1. Phenylephrine-induced contraction was observed in the presence of antioxidant tempol. Additionally, plasma concentrations of angiotensin II, angiotensin-converting enzyme, and thiobarbituric acid reactive substances (TBARS) were assessed. Response to phenylephrine was impaired only among mild-DCS in both vessels. Doseresponse curves to endothelin-1 were impaired after mild-DCS in mesenteric and severe-DCS in aorta. KCl-induced contraction was affected after hyperbaric exposure regardless of DCS status in aorta only. These results confirm postdive vascular dysfunction is dependent on the type of vessel. It further evidenced that vascular dysfunction is triggered by DCS rather than by diving itself and suggest the influence of circulating factor/s. Diving-induced impairment of the L-type voltage-dependent Ca 2ϩ channels and/or influence of reninangiotensin system is proposed. diving; decompression illness; contraction; aorta; mesenteric artery; vascular smooth muscle DECOMPRESSION SICKNESS (DCS) is the result of dissolved gas forming bubbles in tissues and venous blood and occurs following rapid decrease of ambient pressure (22). Intravascular decompression may lead to venous and arterial gas embolization, pulmonary vascular obstruction, formation of edema (11), increased neutrophil activation (11, 32), and platelet aggregation (10). Brubakk et al.
DECOMPRESSION SICKNESS (DCS) is the result of dissolved gas forming bubbles in tissues and venous blood and occurs following rapid decrease of ambient pressure (22) . Intravascular decompression may lead to venous and arterial gas embolization, pulmonary vascular obstruction, formation of edema (11) , increased neutrophil activation (11, 32) , and platelet aggregation (10). Brubakk et al. (1) observed in divers a postdive decrease in flow-mediated dilation (FMD), a marker of endothelial function, following a single air dive that produced few postdive bubbles and no clinical symptoms of DCS. The same effect of diving was further confirmed in divers after open sea diving with various breathing mixtures including air (8, 20, 28) , nitrox (14) , and trimix (19) . Alteration of the vascular endothelium was also documented through the release of vascular cell adhesion molecule-1 (VCAM) (36) , microparticules (MP) (12) , or circulating mitochondrial DNA (35) . Antioxidant therapy partially prevents both the postdive decrease in FMD (20, 21) as well as cultured endothelial cell death during exposure to hyperbaric environments (38) , implicating oxidative stress as an important contributor to this effect. Recent research on humans showed that not only FMD but also nitric oxide (NO) donor-mediated endothelial independent dilation is decreased after diving. Indeed, impaired sensitivity of vascular smooth muscle to NO has been observed in both the brachial artery and cutaneous microvessels (8, 9) . Thus it has been shown that not only the endothelium is impaired after a dive and that diving may influence both vascular beds.
Our previous study, performed on rat abdominal aorta (Ao) and superior mesenteric arteries (SMA) in vitro, showed unchanged relaxation evoked by acetylcholine (ACh) after a simulated air dive with no clinical signs of DCS as well as in animals suffering DCS (16) . Conversely, we found significantly lower phenylephrine (PE)-induced vascular smooth muscle contraction after the hyperbaric protocol, both in resistance and conductance arteries, and this alteration was even stronger with increasing severity of DCS. Taken together, these data suggest that simulated diving may not alter endotheliumdependent relaxation processes. We thus hypothesized that the decreased vasodilation reported in vivo resulted from modified contraction processes. Such a hypothesis would agree with previous data that indicate that the response of vascular smooth muscle to norepinephrine but not to KCl or ACh is modified by high ambient pressure (6, 7) . However, the effect of DCS on vascular smooth muscle contraction remains uncertain and deserving of further investigation.
The principal endothelium-derived contracting factor (EDCF) is endothelin-1 (ET-1), generated by the vascular endothelium, which acts through specific ET A and ET B receptors (37) . Activation of smooth muscle cell receptors (ET A and ET B ) evokes contraction, whereas endothelial ET B induces relaxation. The overall biological effect of ET-1 on vasculature derives from the balance between the protective and deleterious effects induced by its receptors.
Besides being an EDCF angiotensin II (ANG II) may also increase oxidative stress and indirectly reduce levels of the greatly vasoactive NO (17) . ANG II is produced by the conversion of ANG I by the angiotensin-converting enzyme (ACE). Increased levels of serum ACE have been reported after decompression and at even higher levels following DCS (34) .
Therefore, vessel rings were prepared from rats submitted to the same simulated air dive protocol known to induce 70% DCS. Besides PE we also used endothelin-1 (ET-1) to assess agonist-evoked contraction of vascular smooth muscle while contraction independent from receptor activation was obtained with KCl (Table 1) . Because increased oxidative stress has been reported postdive we also measured contraction to PE in the presence of antioxidant tempol. Additionally, we measured plasmatic levels of reactive oxygen species (ROS). Finally, to assess whether the renin-angiotensin system could be involved, we collected blood to measure levels of ANG II and ACE in plasma. Thirty-two male Sprague-Dawley rats were obtained from Janvier SAS (France). Animals were housed in the university vivarium for at least 7 days after arrival, two per cage in an environmentally controlled room (temperature 21 Ϯ 1°C, 12:12-h light-dark cycle). They were fed standard rat chow and water.
METHODS

Animal
Simulated dive protocol. Because both age and weight are known to influence the probability of DCS (2, 39) , animals used in these experiments were all of same age (11 wk old) and similar weights (450 Ϯ 50 g) on the day of the experiment. Each rat was positioned in a 130-liter steel hyperbaric chamber, always at the same hour to avoid interference with biological rhythm. Animals were randomly assigned to hyperbaric or control groups. To study the effect of hyperbaria and DCS, rats were compressed with air at a rate of 100 kPa/min up to 1,000 kPa absolute pressure and remained at maximum pressure for 45 min. Thereafter, decompression was performed at a rate of 100 kPa/min before pausing for three decompression stops: 5 min at 200 kPa, 5 min at 160 kPa, and 10 min at 130 kPa. Total hyperbaric exposure duration was 83 min. Following decompression the rats were observed for 1 h for four standard signs of decompression sickness in the rat, specifically respiratory distress, difficulty walking, paralysis, or convulsions (16) . Using the same hyperbaric protocol enabled us to compare animals that differed by the occurrence or not of DCS only since they were exposed to the same environmental parameters (oxygen partial pressure, total pressure, and duration). Depending on the severity of DCS, rats were classified as no-DCS, mild-DCS, or severe-DCS (dead). A control group of rats (n ϭ 8) was similarly confined but not exposed to elevated ambient pressure and observed for 1 h before physiological investigation. This protocol was chosen based on our previous study showing that this hyperbaric protocol resulted in ϳ70% of DCS cases (15) .
Vessel tension measurement.
Following the observation period the rats were anesthetized by intramuscular injection of ketamine (80 mg/kg) and xylazin (15 mg/kg). The lower part of Ao (just before iliac separation) and SMA were gently removed and immediately stored in iced cold Krebs-Henseleit-bicarbonate (KHB) solution previously gassed with 95% O 2-5% CO2. The composition of the KHB solution was as follows (in mmol/l): 118.0 NaCl, 25.0 NaHCO 3, 1.18 KH 2PO4, 4.74 KCl, 1.18 MgSO4, 2.5 CaCl2, and 10.0 glucose, (pH 7.4). The Ao and SMA were chosen in accordance with our previous study (16) . Each vessel was carefully dissected under microscope to remove surrounding connective tissues and cut into rings of 2-mm in length. Two rings from each vessel were then mounted between two 0.025-mm diameter wires and suspended in a jacketed 5-ml organ bath maintained at 37°C. The tension was measured isometrically using a force transducer (EMKA Technologies, Paris, France) and recorded digitally. For Ao passive tension was maintained at 0.02 and 0.005 N for SMA throughout the experiment, determined as the optimal tension during preliminary investigation. Before each experiment was performed, the rings were allowed to equilibrate for a 45-min period and washed every 15 min. Thereafter, all rings were contracted with 80 mmol/l KCl solution of the following composition: 39.18 NaCl, 25.0 NaHCO 3, 1.18 KH2PO4, 78.82 KCl, 1.18 MgSO4, 2.5 CaCl 2, and 10.0 glucose (pH 7.4). Between trials the rings were allowed to recover for 45 min and washed every 5 to 10 min. First, the contraction was directly stimulated again by 80 mmol/l KCl solution. Agonist-induced contraction was assessed by adding cumulative doses of PE (10 Ϫ9 -10 Ϫ4 mol/l). The same response curve to PE was also evaluated in the presence of the antioxidant 4-hydroxy-TEMPO (tempol). Tempol (10 Ϫ6 M for Ao and 10 Ϫ5 M for SMA) was added in the organ bath 30 min before starting the dose-response curve for PE. Finally, the sensitivity of vascular smooth muscle to the endothelium-derived contractile factor was investigated by adding cumulative doses of ET-1 (2 ϫ 10 Ϫ9 -8 ϫ10 Ϫ8 mol/l). All drugs were purchased from Sigma Chemicals. All substances (PE, ET, and tempol) were prepared in distilled, deionized water, and frozen for later use.
Blood sampling and ELISA assays. Blood samples were collected immediately following anesthesia or death in a 2-ml Eppendorf tube containing 30 l EDTA 7.5% as an anticoagulant, centrifuged (1,000 g, 4°C, 15 min), aliquoted, and stored at Ϫ80°C until the assay. Plasmatic concentrations of angiotensin II (ANG II), Angiotensinconverting enzyme (ACE), and thiobarbituric acid reactive substances (TBARS) were determined using commercially available ELISA kits: for ANG II (Immunoassay Kit; RayBiotech System), for ACE (Immunoassay Kit; RayBiotech System), and for TBARS (ELISA; Cayman Chemical). All ELISA samples were run in duplicate in accordance with the manufacturer's instructions. The effects on DCS on arteries are distinct than those of diving itself
Animals were submitted to the same hyperbaric protocol and classified in 3 groups according to the severity of DCS: no-DCS, mild-DCS, or severe-DCS. The effects of diving and/or DCS depend on the type of artery.
Vessel rings from both large conductance (Ao) and small resistance (SMA) arteries were tested. Decreased vasodilation in vivo results from impaired VSM contraction through mechanisms that remain to be determined.
Different contraction pathways were explored on rings: 1) PE was used to confirm the impairment of agonist-evoked contraction of VSM.
2) Contraction independent from receptor activation was obtained using KCl.
3) ET-1 was used to assess contraction evoked by activation of another VSM G proteincoupled receptor. 4) To assess whether the renin-angiotensin system could be involved, we also collected blood to measure levels of ANG II and ACE in plasma. Increased oxidative stress is involved in the postdive impairment of VSM contraction.
We both measured postdive plasmatic levels of TBARS and assessed PE-induced contraction of the rings in the presence of antioxidant tempol.
Statistics. Data are expressed as mean Ϯ SE; n indicates the number of experiments performed. The force of the contraction elicited by KCl, as well as the maximal tension developed in response to PE and ET-1 in the various groups, was compared using one way ANOVA with Statistica software (ver. 10, StatSoft France, 2011). For dose-response curves, the contracting responses were expressed as percentages of the maximal contractile force. To assess the effect of exposure to pressure or DCS, dose-responses curves for PE or ET-1 were compared using two-way ANOVA for repeated measures with contraction elicited by different concentrations as dependent variables and DCS status or control group as the predictive variables. To assess the effect of antioxidant changes among groups, dose-response curves for PE alone vs. PE with tempol were also compared by two ways ANOVA. Upon identifying significant differences in the ANOVA, Student-Newman-Keuls post hoc test was used to interrogate the relevant parameters. Values of P Յ 0.05 were considered significant.
RESULTS
The main results are summarized in the Table 2 . DCS outcome. The hyperbaric protocol induced 67% of DCS as has been reported by us before (15) divided equally between each of the three DCS outcomes (n ϭ 8 in each).
KCl-induced contraction. KCl-induced contraction on both vessels is presented in Fig. 1 . The one-way ANOVA analysis showed significantly lower response to KCl of Ao vessels for all DCS outcomes when compared with control rats: no-DCS (P ϭ 0.04), mild-DCS (P Ͻ 0.01), and severe-DCS (P ϭ 0.04). There were no differences between DCS outcomes. Conversely, we did not find any significant differences for KClevoked contraction between DCS outcomes for SMA.
PE-induced contraction. PE evoked a dose-dependent contraction of isolated rings obtained from Ao and SMA (Fig. 2 ) in all DCS classes. There was no difference in either maximal contraction or dose-response curves between the no-DCS and control groups for either Ao or SMA. The same was found for maximal contraction after mild-DCS compared with control rats in both vessels. However, comparison of the dose-response curves for mild-DCS and control rats showed significantly pejorative effect of DCS on Ao (P ϭ 0.04) for the whole standard curve and on SMA for 10 Ϫ7 to 10 Ϫ5 M (P Ͻ 0.05) concentrations. A similar pattern was seen when mild-DCS was compared with no-DCS and, while no difference in maximal contraction was detected in either Ao or SMA, contraction was significantly weaker in Ao (P Ͻ 0.01) for the whole dose-response curve and in SMA for 10 Ϫ7 and 10 Ϫ6 M concentrations only (P Ͻ 0.02). Conversely, dose-response curves to PE obtained from rats with severe-DCS showed significantly lower maximal contraction in Ao (P ϭ 0.02) only when compared with the control group. No difference in maximal contraction was found in SMA between severe-DCS and any other DCS outcome. The dose-response curves obtained after severe-DCS were not significantly different from those obtained from control and no-DCS rats in either Ao or SMA. Surprisingly, the response to PE also appeared to be weaker after mild-DCS than severe-DCS for both vessels. This was Response to KCl was significantly weaker in Ao for all DCS outcomes although there was no difference between DCS outcomes. In SMA, we did not find any significant differences for KCl-evoked contraction between any DCS outcome. This suggests contractile machinery is affected by exposure to pressure itself rather than by DCS in Ao but not SMA. ET-1 Dose-response curves to ET-1 were impaired in SMA after mild DCS and in aorta after severe DCS. VSM dysfunction might be due to alteration of G protein-associated pathway in SMA but not Ao. Renin-angiotensin system When compared with the control group, postdive levels of ANG II were significantly lower in the absence of DCS only, while circulating ACE concentration was significantly elevated among mild-DCS rats only. This suggests different regulations during exposure to pressure and DCS and that the rennin-angiotensin system may be involved in triggering DCS TBARS Plasmatic concentration was lowest in the control group and increased with the severity of DCS. This confirms that oxidative stress evolves in parallel with severity of DCS. PE ϩ tempol Tempol did not modify the dose-response curves for PE except in SMA after mild DCS. This suggests oxidative stress was not the only cause of the change of the response to PE. SMA vs. Ao Both exposure to pressure and DCS differently affected the responses to KCl and ET-1 in Ao and SMA, which suggests that the effect of diving and DCS depend on the type of artery. true for doses 10 Ϫ7 to 10 Ϫ5 M in Ao (P Ͻ 0.04) and 10 Ϫ6 and 10 Ϫ5 M in SMA (P Ͻ 0.03).
ET-1-induced contraction. ET-1 evoked a dose-dependent contraction of isolated rings obtained from Ao and SMA (Fig. 3 ) in all rats. There was no difference in either the maximal contraction or dose-response curves between the no-DCS and control rats for either Ao or SMA. The same was seen for mild-DCS when compared with control rats for both vessels. Between mild-DCS and no-DCS groups no alteration was observed in maximal contraction for either vessel. There was no difference between these groups for dose-response curves obtained in Ao while contraction was significantly reduced in SMA after DCS (P ϭ 0.02). Maximal contraction was not altered for severe-DCS rats in both vessels. Dose-response curves in severe-DCS rats, however, appeared to be significantly lower for Ao when compared with each other DCS outcome and the control group (control P ϭ 0.05; no-DCS P ϭ 0.01; mild-DCS P Ͻ 0.01). For SMA severe-DCS did not show any significant differences compared with the control group or other DCS outcomes.
Oxidative stress. PE in a presence of tempol evoked a dose-dependent contraction of isolated rings obtained from Ao and SMA in all groups. Those curves together with the maximal contractions were compared with their counterparts obtained by PE stimulation in the absence of the antioxidant (Figs. 4 and 5) . Antioxidant treatment did not show any influence upon either maximal contraction or dose-response curves between the control group and no-DCS either in Ao or SMA. In mild-DCS the maximal contraction remained unchanged for both vessels. Incubation with tempol did not modify dose-response curves in Ao while it had positive effect in SMA. In this vessel the contraction elicited by 10 Ϫ6 and 10 Ϫ5 M PE was significantly stronger in the presence of the antioxidant (P Ͻ 0.03). In severe-DCS neither maximal contraction nor dose-response curves were altered in the presence of tempol for either vessel.
Plasmatic TBARS values showed postdive variations commensurate with decompression stress (Fig. 6 ). Values were lowest in the control group and increased with the severity of DCS. Nonparametric analysis of the data showed that the plasmatic concentration of TBARS significantly correlates with severity of DCS. Indeed, Spearman's rank correlation coefficient was equal to 0.47 (n ϭ 30, P ϭ 0.009).
Angiotensin II. ANG II values appeared to be significantly decreased by hyperbaric exposure itself compared with the control group (P Ͻ 0.03). Plasmatic concentration of ANG II after mild or severe-DCS were similar to levels in control rats. (Fig. 7) Angiotensin-converting enzyme. Plasma ACE values showed postdive variation commensurate with decompression sickness (Fig. 7) . Hyperbaric exposure itself had no measurable effect. However, mild-DCS significantly elevated circulating ACE concentration when compared with either the control group or no-DCS (P Ͻ 0.01 for either). Plasma from severe-DCS rats did not show any alteration when compared with either the control group or no-DCS. 
DISCUSSION
With the use of isolated vessels from rats this experiment confirmed impairment of PE-induced contraction associated with decompression stress. Two-way ANOVA showed significant decrease in dose-response curves after hyperbaric exposure with mild DCS on both vessels, wherein this alteration was more remarkable in Ao than SMA. Surprisingly, this effect did not appear after simulated diving itself or in rats with severe-DCS, although the maximal contraction was significantly weaker in Ao. Likewise, the response of Ao to KCl was significantly decreased in both no-DCS and severe-DCS, while in mild-DCS this decrease was even more pronounced. No significant differences to KCl stimulation were noticed in SMA. DCS also reduced the response to ET-1 for mild-DCS in SMA vessels and for severe-DCS in Ao.
In our previous study we reported the pejorative effects of hyperbaric exposure and DCS upon PE-induced vascular contraction (16) . However, our present study showed that exposure to pressure itself did not affect the vascular response to PE when compared with the control group. This difference between results from our first study and current study may be due to different hyperbaric protocols. This time we used only one hyperbaric protocol, which induced three different DCS outcomes and allowed us to control for the influence of additional factors such as: PO 2 (increases with a depth), PCO 2 
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Contraction (%) of the tissues (increases with depth and duration of the dive). All of those factors could have played an important role in affecting vascular behavior during the first experiment as indicated by data from Wang et al. (38) who reported that cell death, mitochondrial superoxide production, and mitochondrial membrane depolarization of cultured endothelial cells were altered differently during exposure to hyperoxia, nitrogen, or hydrostatic pressure. In their experiments, hyperoxia showed greater effect with time on mitochondrial superoxide generation but lower impacts on mitochondrial depolarization and cell death than hydrostatic or nitrogen diving, which suggest that each environmental parameter related to hyperbaric exposure acts on vessels through different mechanisms. Thus in the present study elimination of them showed modification of the vascular function provoked by a single diving profile. It also allowed us to focus more on the mechanisms leading to alteration of vascular function in relation with DCS. Surprisingly significant negative effects were visible only among mild-DCS rats but this deterioration did not occur among severe-DCS. All of the vessels from mild-DCS group were dissected exactly 1 h after hyperbaric exposure, while among severe-DCS dissection took place shortly after the time of death, which was most often within the first 10 min after surfacing. Thus these results lead to the conclusion that vascular injury appears due to processes that take place in the first hour after decompression. This could be due to diving-induced oxidative stress or perhaps fatigue caused by excessive contraction due to the release of higher amounts of factors such as ANG II, catecholamines, etc., although in the present study we did not observe altered levels of ANG II after DCS.
It was demonstrated that diving increases production of ROS from activated neutrophils (26) and platelets (10) , as well as endothelial cells mitochondria (38) . Moreover, this oxidative stress is responsible for the decreased FMD measured after diving (19, 20, 27) . In the present study however, incubation of the vessels with antioxidant (tempol) did not show significant differences in response to PE except for in SMA in mild-DCS. This means that in most cases we did not observe the effects of oxidative stress in the vascular wall. Additionally, measurement of TBARS, a well-established method for screening and monitoring lipid peroxidation (5) , showed that levels increased in the plasma proportionally to the severity of DCS (from no-DCS to severe-DCS). Therefore, although oxidative stress is probably not related to decompression-induced circulating bubbles only, since administration of antioxidant prevents the decrease of FMD after breath-hold diving also (28, 29) , our data clearly show that oxidative stress evolves in parallel with the severity of DCS. This observation agrees with previous works showing that platelet activation leads to increased oxidative stress (10) . However, whether oxidative stress participates in the development of DCS remains to be established. Nevertheless, in this study the only DCS outcome with an influence in SMA was mild-DCS. That is why oxidative stress could be a reason for the alteration of this particular vessel but it does not explain changes among Ao.
Contraction stimulation, induced by KCl, showed that either exposure to pressure or DCS has a pejorative influence on Ao but not on SMA vessels. On Ao all diving groups showed significantly lower contraction to KCl; no-DCS and severe-DCS rats showed similar decreases while vessels rats with mild-DCS appeared to be more affected. Response of SMA vessels to KCl did not change after a dive. The influence of diving upon conductance and resistance arteries was studied by Lambrechts et al. in humans (8) , finding that decreasing microvascular endothelial-dependent function was not associated with reduced macrovascular endothelial-dependent function. Separately from diving, differences in endothelial function Dose-response curves to ET-1 showed significant decrease with severe-DCS in Ao and mild-DCS in SMA. ET-1 acts through specific ET A and ET B receptors. Smooth muscle cell ET B evokes contraction, whereas endothelial ET B induces relaxation. The overall biological effect of ET-1 on vasculature derives from the balance between the protective and deleterious effects induced by its receptors (33, 37) . Because both ET-1 and PE stimulate contraction through G-coupled protein and the observed results in SMA were the same, we may conclude that this alteration was due to changes among G protein-associated pathways. For the Ao, however, since its ET-1 evoked contraction was decreased only in severe-DCS, this could have been due to an imbalance in the sensitivity of ET A and ET B receptors.
The sympathetic nervous and renin-angiotensin systems act as fundamental mechanisms that promote persistent hypertension and progressive cardiovascular and renal damage in both animal models and human beings (40) . Because ANG IIevoked contraction through G-coupled protein, we did not use it in the organ bath. Since it has been previously shown that plasmatic levels of renin are significantly increased postdive (4), we were interested in measuring ACE and ANG II plasmatic concentration. The level of ANG II was significantly lower after diving than in the control group but only for no-DCS rats. Both mild-DCS and severe-DCS showed negligible nonsignificant alteration. We consider two possible scenarios. First, that the diving-induced decrease was further influenced by DCS and counteracted or, second, that a lack of this decrease of ANG II level might be crucial for developing DCS. This difference in between no-DCS and mild-DCS groups for ANG II concentration could be due to significantly increased ACE level among mild-DCS rats. Increases in serum ACE levels postdive have been previously connected with DCS in a study conducted on dogs (3). It appears as though increased ACE is connected to DCS while lower ANG II concentration among the diving rats offered some protection from DCS. Collectively, these results lead to the hypothesis that the renin and angiotensin system may be involved in triggering DCS and the mechanisms behind this remain to be investigated further. Nevertheless, the changes in vasoreactivity that we observed seem to match with those of circulating ACE but not ANG II. Although this suggests a possible involvement of the renin-angiotensin system in both DCS and vascular dysfunction, the exact pathway remains to be ascertained.
Finally, alternative hypotheses might consider other circulating factors not investigated in this study and known to be related to the development of DCS. These factors include circulating microparticles (13, 30) , neutrophil adhesion (12, 31) , or even circulating bubbles themselves (18) . Indeed, it was reported that bubbles can damage vascular cells through modifications of calcium handling (24) . However, considering that the severity of DCS is linked to an excess of venous gas emboli that overcome the pulmonary filter and enter the arterial system, the amount of venous gas emboli probably increased in our experiment from no-DCS to mild and severe DCS. If so, vessel dysfunction would have been evident in veins and pulmonary artery. This remains to be confirmed. However, in this study we tested whether occurrence of DCS could be linked to arterial dysfunction. Our results are not in favor of this hypothesis.
In conclusion, this study confirmed findings from previous studies showing postdive vascular dysfunction that is dependent on the type of vessel. It further evidenced that vascular dysfunction is triggered by DCS rather than by diving itself. Moreover, when clinical symptoms of DCS were observed, significantly lower susceptibility to contraction stimulants on isolated rat vessels appeared 1 h after the hyperbaric exposure but not immediately after which suggests the influence of circulating factor/s (such as MP, oxidative stress, etc.) and the involvement of a chain reaction, which may include the reninangiotensin system and increased ACE production. It is also suggested that contraction through L-type voltage dependent Ca 2ϩ channels may well be impaired by diving. This requires further investigation before the relationship among, MP, ACE, ANG II, and DCS in humans can be fully understood.
